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| INTRODUC TI ON
Brugada syndrome (BrS) is diagnosed as a coved-type ST-segment elevation in the right precordial leads. 1 Patients with BrS develop symptoms including ventricular fibrillation (VF), aborted sudden death, syncope, or nocturnal agonal respiration. Previous reports 2, 3 and consensus guideline 1 have shown that alcohol drinking is associated with occurrence of syncope in BrS. Alcohol taken into a body is metabolized by two enzymes, namely alcohol dehydrogenase 1B (ADH1B) and aldehyde dehydrogenase 2 (ALDH2). Alcohol is metabolized to acetaldehyde by ADH1B and sequentially converted to acetate by ALDH2 (Figure 1 ). The activity of the two enzymes individually varies depending on genetic variants of the enzymes.
The prevalence of BrS is relatively higher in the Southeast Asian countries including Japan compared to the Western countries. 1, 4, 5 This geographical prevalence of BrS is similar to that of loss-of-function type variants in alcohol-metabolizing enzymes: ADH1B and ALDH2, which are more common in Asians than in Caucasians. [6] [7] [8] More recently, Watanabe et al 9 reported that habitual excessive alcohol drinkers among Japanese BrS patients with implantable cardioverter-defibrillator (ICD) implantation have more fatal arrhythmic events. Therefore, we hypothesized that genetic polymorphisms of the alcohol-metabolizing enzymes would be associated with arrhythmic events in BrS, thus contributing to the pathophysiology and arrhythmogenesis of the disease. The purpose of this study was to test this hypothesis.
| ME THODS

| Study population (Figure 2)
The study subjects consisted of 198 BrS Japanese patients (176 men with a mean age of 44. 
| Determination of ADH1B and ALDH2 genotypes
Genomic DNA was extracted from blood lymphocyte as previously reported. 10 Subsequently, genotyping was performed using
TaqMan single-nucleotide polymorphism (SNP) genotyping assay (Applied Biosystems) in a real-time PCR system (StepOnePlus™;
Applied Biosystems) for ADH1B (His48Arg; rs1229984) and ALDH2 (Glu504Lys; rs671). Amplification conditions were 95°C for 20 seconds, 40 cycles of 95°C for 3 seconds, and 60°C for 20 seconds. The genotyping was performed with a blind method to the identification of the study subjects.
| Statistical analysis
The baseline clinical data were expressed as the mean ± standard de- Table 1A shows the comparison of the clinical characteristics between symptomatic and asymptomatic groups. There was no significant difference in age, family history of sudden death, the frequency of spontaneous type1 Brugada ECG pattern between the two groups. The prevalence of male gender was significantly higher in the symptomatic than in the asymptomatic group. Table 1B shows the comparison of the clinical characteristics between alcohol-related and unrelated groups. There was no significant difference in age, gender, family history of sudden death, the frequency of spontaneous type1 Brugada ECG pattern, aborted sudden death, documented VT/VF, VF induced by electrophysiology study, and ICD implantation between the two groups. Based on ICD follow-up, although statistically not significant, VF recurrence rate was higher in the alcohol-related group (25% vs 6.5%, P = .096).
| RE SULTS
| Characteristics of the study patients
Indeed, one of our cases experienced appropriate ICD therapy for four episodes of recurrent VF, which were all associated with alcohol drinking. In this group, average time interval between the start of drinking and cardiac events was 3.5 hours. and χ 2 = 0.017, P = .90 for the asymptomatic group. There was no significant overall difference in genotype distribution for ADH1B and ALDH2 in the two groups (ADH1B: χ 2 = 1.013, P = .564, Figure 3A ;
| Genotype distribution of ADH1B and ALDH2
ALDH2: χ 2 = 2.065, P = .379, Figure 3B ). Table 2B shows distribution of genotypes for ADH1B and ALDH2
in the alcohol-related syncope group and the alcohol-unrelated group. A vast majority of the study patients had the variant ADH1B
His genotype and the ALDH2 Glu genotype in both0groups (ADH1B His: 93.8% vs 91.9%, P = .801; ALDH2 Glu: 93.8% vs 90.6%, P = .683).
The genotype distribution of the two genes did not deviate from the Hardy-Weinberg equilibrium: ADH1B gene, χ 2 = 2.939, P = .09 for the alcohol-related group and χ 2 = 0.019, P = .89 for the alcohol-unrelated group; ALDH2 gene, χ 2 = 0.118, P = .73 for the alcohol-related group and χ 2 = 3.394, P = .07 for the alcohol-unrelated group.
There was no significant overall difference in genotype distribution for ADH1B and ALDH2 between the two groups (ADH1B: χ 2 = 5.470, P = .065, Figure 4A ; ALDH2: χ 2 = 0.190, P = .301, Figure 4B ).
The prevalence of ADH1B His/His was significantly higher in the alcohol-related group than in the alcohol-unrelated group (81.3% vs 50%, P = .023). When compared to those carrying ADH1B Arg/His or ADH1B Arg/Arg ( Figure 5 ), frequency of alcoholic-related syncope was significantly higher in ADH1B His/His (26% vs 7.5%; odds ratio, 4.330; 95% confidence interval, 1.140-16.475; P = .023). Table 3 ). Because patients in the alcohol-related group were all male and did not have family history of sudden death, both gender and family history were not included as the confounding factors.
F I G U R E 3
Comparison of frequency of symptomatic patients to all patients enrolled in this study according to genotypes of ADH1B and ALDH2. A, There was no difference in the frequency of the symptomatic patients by ADH1B genotype. B, There was no difference in the frequency of the symptomatic patients by ALDH2 genotype. Abbreviations: ADH1B, alcohol dehydrogenase subunit; ALDH2, aldehyde dehydrogenase 2
Comparison of frequency of patients with alcohol-related syncope to symptomatic patients in this study according to genotypes of ADH1B and ALDH2. A, There was no difference in the frequency of the patients with alcohol-related syncope by ADH1B genotype. B, There was no difference in the frequency of the patients with alcohol-related syncope by ALDH2 genotype. Abbreviations: ADH1B, alcohol dehydrogenase subunit; ALDH2, aldehyde dehydrogenase 2
| D ISCUSS I ON
The present study found: (a) ~20% of fatal arrhythmic events were related to alcohol drinking in our cohort of symptomatic BrS, (b) the distribution for ALDH2 genotypes was not significantly different between symptomatic and asymptomatic groups or between alcohol-related and alcohol-unrelated syncope groups, (c) the distribution for ADH1B genotypes was not significantly different between symptomatic and asymptomatic groups, but the genotype ADH1B His/His was significantly more frequent in the alcohol-related group compared to the alcohol-unrelated group, and (d) the genotype ADH1B His/His was independently associated with syncope after drinking alcohol (Table 3) .
Alcohol (ethanol) exerts various physiological responses
( Figure 1) . 11 It is metabolized by two enzymes, namely ADH1B and ALDH2. The former metabolizes ethanol to acetaldehyde in the cytosol; the latter acetaldehyde to acetic acid in the mitochondria.
The ADH1B gene is located on chromosome 4, and its single-nucleotide polymorphism (SNP: rs1229984) replaces arginine to histidine at residue 47 (Arg47His). The ALDH2 on chromosome 12 has also a SNP (rs671) which substitutes glutamate with lysine at position 504 (Glu504Lys). These two SNPs exert loss-of-function effects and are more common in East Asians than in Caucasians and play essential roles in alcohol-induced physical reactions.
11-13
The variant ADH1B His/His is a super-active subunit of ADH1B and possesses ~40 times more efficient ethanol metabolizing activity compared to ADH1B Arg/Arg, 11, 14 and is seen in 60% of Japanese. 15, 16 In contrast, 57% of Japanese are homozygous for the ALDH2 Glu/Glu which has normal enzymatic activity. Homozygotes ALDH2 Lys/Lys occur in 5%-10% and possess only ~4% of normal enzymatic activity. There are several reports on excessive alcohol consumption and increased risk of sudden cardiac death. 29, 30 In an experimental study, excessive alcohol directly exerts proarrhythmic effects by inhibiting sodium and calcium channels. Abbreviations: CI, confidence interval; OR, odds ratio.
| Limitations
Although it is known that alcohol-induced flushing 33, 34 and frequency of habitual drinking are useful information to learn if a subject tolerates alcohol intake, the medical record was not available.
The ethnicity-dependent difference of frequency of alcohol-related syncope in BrS remains unknown because our study population was limited to the Japanese.
| CON CLUS ION
Arrhythmic events after alcohol drinking in BrS patients were associ- 
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